in the Department of Microbiology at Yale University for a number of years. These mouse and egg lines produced neither pulmonary consolidation nor death in mice at the time the investigation was initiated. However, important differences in the behavior of the mouse and the egg lines were noted in the studies herein reported.
The Melbourne (MEL-M) strain of Type A influenza virus was obtained from Dr. F. M. Burnet who isolated it in 1935. It had numerous passages in mice. Suspensions of mouse lungs infected with the virus were lethal in dilutions of 10'.
Virus suspensions used for passage. The lungs of infected mice were removed four days after inoculation and ground in a mortar with sterile alundum. Lung suspensions were prepared by the addition of 1 ml. of saline per set of lungs. The lung suspensions were centrifuged at 1500 rpm. for five minutes and the resulting supernates, which represented the stock suspensions of the viruses, were considered to be undiluted. On a weight basis this would be approximately a 20 per cent suspension. Infected allantoic fluids were harvested 44 hours after inoculation and diluted ten-fold in saline. In general, virus suspensions were used immediately after they were prepared. In several instances they were stored under dry ice in a tightly stoppered test tube at temperatures varying from -50°to -60' C. During the course of the investigation it became apparent that, unlike previous experience with lung suspensions of Type A influenza virus, under these conditions of storage there was frequently a drop in egg infectivity. For this reason, in the recording of the data in the tables, the lung suspensions which were stored in dry ice before they were tested for egg infectivity have been so designated.
Titrations of egg infectivity. Serial ten-fold dilutions of virus suspensions were made and a volume of 0.05 ml. of the desired dilution of virus was inoculated into the allantoic cavity of fertile chicken eggs which had been incubated at 380 C. for 10 
EXPERIMENTAL RESULTS
On initial inoculation of a heterogenetic strain of albino mice (Yale University) with infected allantoic fluid containing high concentrations of the SEEREY strain of influenza virus, pulmonary lesions were produced. In five out of eight experiments virus persisted for 10 or more serial passages t The extent of consolidation was recorded four days after inoculation of the virus. 4 The number of mice which died in four days over the number inoculated. All deaths in this particular experiment occurred on the fourth day after the inoculation of virus.
as determined by the infectivity of the mouse lungs for eggs. However, it proved impossible to pass the lesions in series. Various adjuvants including the daily intraperitoneal injection of cortisone and the intranasal instillation of saline failed to promote adaptation of the virus to mice although the virus persisted through 15 serial passages. These preliminary studies indicated that serial pasage in mice at four-day intervals was more likely to permit the continued multiplication of the virus than passage at three-day intervals. It was also observed that serial passage employing a 101 dilution of the lung suspension was preferable to passage in a 10 2 dilution.
The data recorded in Table 1 suggested that the strain of mice which was used for serial passage might prove to be an important factor in the process of adaptation. Four days after inoculation of the SEEREY strain pulmonary lesions were more marked in CF1 and CFW mice than in NIH mice.
When the pathogenic MEL-M strain was inoculated, comparable differences were observed, and in addition the lethal effect was more marked in the CFW mice. Furthermore, the 50 per cent egg infectivity (EID50) of the mouse lungs infected with the SEEREY strain was more than 1 log higher in the CFW mice than in the NIH or CF1 mice. On the basis of these results serial passage of the SEEREY strain in CFW and CF1 mice was undertaken.
From the results included in Table 2 it is apparent that during the course of serial passage in CFW mice the SEEREY virus had adapted, as determined Although the virus persisted in the lungs of CF1 mice through 15 serial passages, adaptation had not yet occurred. However, when the serial passages were later continued in CF1 mice, it became apparent that the virus had adapted in these mice after three or four additional passages. The data indicate that in this particular instance at least adaptation occurred more rapidly in CFW mice than in CF1 mice.
When the effect of environmental temperature on the process of adaptation of the SEEREY strain of influenza virus in CFW mice was examined, the results suggested that temperatures of 50 C. slightly enhanced the process of adaptation. From the data included in Table 3 , however, it is apparent that adaptation was also occurring in the mice kept at room temperature. It appeared probable that if temperatures of 50 C. actually did exert a significant effect on the process of adaptation of the virus, an experiment employing the most resistant NIH mice might prove more fruitful. Before commencing with the serial passages in the NIH mice, a few preliminary experiments were undertaken to ascertain if the egg infectivity of the mouse lungs would be higher in mice kept at 50 C. as opposed to those maintained at room temperature. The results recorded in Table 4 show that if NIH mice are kept at 50 C., appreciably higher concentrations of virus are present in the mouse lungs four days after inoculation when contrasted with NIH mice at room temperature. This finding was observed both with the egg-passaged and the mouse-passaged line of the virus. The significance of the higher titers of virus in the NIH mice maintained at 50 C. is not known, but these higher concentrations of virus might be important in the serial passage of the infected mouse lungs and in the process of adaptation of the virus. In contrast there were no similarly marked differences in the virus concentrations in CFW mice kept at the different temperatures. It is apparent from the tabulated data that there is an extremely marked difference in the levels of virus multiplication in the NIH mice as contrasted with the CFW mice. The genetic background of the mouse certainly exerts a marked effect on the multiplication of the SEEREY virus. An excellent example of the effect of the genetic background of the host on virus multiplication has been reported recently by Sabin9 in his studies of the resistance of mice to the intracerebral injection of the 17 D strain of yellow fever virus. The tabulated results indicate that when the serial passages of the mouse line of the SEEREY virus are carried out in NIH mice, extensive pulmonary consolidation is produced ( Table 5 ). The process of adaptation is observed to occur more rapidly in the NIH mice maintained at 50 C. than in the NIH mice at room temperature. An interesting difference between the mice at 50 C. and those at room temperature is concerned with the significantly higher concentrations of virus which are present in the lungs of the NIH mice at 50 C. It should be noted that the infected mouse lungs were assayed for virus on the fourth day after inoculation. Current experiments dealing with the "growth curves" of the virus in mice at 50 C. and at room temperature should provide a clue as to the meaning of this observed difference in virus concentration. Following the successful adaptation of the mouse line of the SEEREY virus in CFW, CF1, and NIH mice, efforts were made to obtain adaptation of the egg line of the SEEREY virus in CFW and NIH mice. The data included in Table 6 show that adaptation has been observed to occur in CFW mice but not in NIH mice. Employing the same concentration of the SEEREY virus two separate passage series were carried out both in NIH and in CFW mice. In CFW mice definite pulmonary consolidation was present at the sixth passage in one series and at the eighth passage in the other series. In contrast, in the NIH mice both passage series were negative for virus from the third through the seventh serial passage when 10-1 dilutions of the mouse lungs were inoculated in eggs. No further serial passages were carried out in the NIH mice. In another experiment an egg line of the McGuIRE strain of Type A prime influenza virus which was isolated in New Haven in 1947 and which is antigenically indistinguishable from the SEEREY strain has been found to adapt in CFW mice at room temperature after eight serial passages. Studies are underway to ascertain the behavior of this strain of virus in NIH mice. The failure of the egg line of the SEEREY virus to survive in NIH mice has been observed repeatedly. In a group of experiments with the egg line of the SEEREY virus, which are still in progress, the virus has persisted for more than three serial passages in NIH mice in only one of twelve tests. In this latter instance the virus is still present after eight serial passages, but signs of pulmonary consolidation have never been observed. The eleven negative tests have remained negative through seven serial passages when they were discontinued. Other findings indicate that the egg line of the SEEREY virus is more likely to survive on serial passage in NIH mice at room temperature than in mice kept at 50 C. This is paradoxical in view of the results recorded in Table 4 which indicate that four days after inoculation of the SEEREY virus higher concentrations are attained in the NIH mice maintained at 50 C. than in NIH mice at room temperature. It is apparent that much future work will be required to resolve some of the problems which have arisen during the course of the present studies.
Finally, brief mention should be made of the finding that the egg infectivity of lungs obtained from Yale University mice that received an intranasal instillation of a small amount of RDE four days after the inoculation of the SEEREY virus was found to be appreciably higher than was anticipated when the mice were sacrificed seven days after receiving the virus. Serial passages of CFW mouse lungs infected with the mouse line of the SEEREY virus were carried out at seven-day intervals. At each passage approximately 0.1 unit of RDE was given intranasally four days after the virus. Extensive pulmonary consolidation was present at the third serial passage and the majority of the mice died within seven days after the second passage. No conclusion concerning the specific effect of RDE may be deduced from these findings. Even without RDE, adaptation of the virus would be expected to occur in CFW mice. Current experiments are concerned with the effect of RDE and inactivated RDE on serial passage of the egg line of the SEEREY virus in NIH mice at room temperature. If RDE exerts any enhancing action on the process of adaptation of the virus, the use of the egg line of the virus in NIH mice should permit its detection.
SUMMARY
Adaptation of the SEEREY Type A prime strain of influenza virus to mice is influenced by the previous passage history of the virus, the genetic background of the mouse, and to some extent by the environmental temperature at which the mice are maintained after inoculation of the virus. The unadapted mouse line of the virus adapts in the inbred CFW mice, the inbred CF1 mice, and the heterogenetic NIH mice. When the environmental temperature of the NIH and CFW mice is lowered to 50 C., adaptation of the virus to these mice occurs more rapidly than at room temperature. Following serial passage of mouse lungs infected with the egg line of the SEEREY virus, the virus becomes lethal, causing extensive pulmonary consolidation in CFW mice. When the egg line is passed serially in NIH mice, the virus in most instances fails to survive for more than a few passages and does not become adapted.
